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1. Introduction
Radar systems operating at high frequency (HF) are able to exploit a variety of propagation mechanisms to achieve
line-of-sight (LOS) illumination as well as over-the-horizon coverage, thereby providing many opportunities for long
range, wide area multi-sensor surveillance. The purpose of this special issue is to bring together latest research results
on physical understanding, mathematical modelling, numerical simulation, and novel application challenges (e.g.,
tsunami detection) in the field of sky- and ground-wave HF radars. The challenges include understanding complex
radar echo, environmental noise, sea/land/ionospheric clutter, sky- and ground-wave propagation; mechanisms, radar
cross-section (RCS) in the resonance regime, frequency monitoring in highly crowded spectrum, antenna design and
beam-forming, beam-steering, detection, tracking, classification, and identification algorithm development, data-
and sensor-fusion, etc. This special issue is devoted to these topics.
2. Papers
The first paper entitled "Remote sensing applications of HE skywave radar : the Australian experience" by Dr. Stuart
Anderson, from Defense Science and Technology Organization, Edinburgh, Australia reviews skywave HF radar pro-
grams and remote sensing missions in Australia, starting almost six decades ago and presents an assessment of the
present state-of-the-art. Some ofthe milestone achievements are illustrated, along with important lessons which were
learned along the way, either by unexpected success or by informative failure.
The second paper entitled "Dual- Use of Compact HE Radars for the Detection of Mid- and Large-Size Vessels" by Hugh
J. Roarty, Josh T. Kohut, and Scott M. Glenn, from The Coastal Ocean Observation Laboratory, Institute of Marine
and Coastal Sciences, Rutgers, The State University of New Jersey, New Brunswick, NJ, USA, and Don E. Barrick,
from CODAR Ocean Sensors, Ltd., Mountain View, CA, USA describes the development of the SeaSonde High
Frequency Radar system into a dual-use application for the mapping of ocean surface currents and detection of ships
at sea. This development entailed the creation of a new radar waveform that would permit this dual-use as well as a
detection algorithm to identify the ships in the radar spectra.
Thomas Helzel, Matthias Kniephoff, Leif Petersen from University of Hamburg, Germany, in their paper
"Oceanography Radar System WERA: Eeatures, Accuracy, Reliability and Limitations" present the shore based radar
system which is a powerful océanographie instrument giving reliable information about large ocean areas. They
showed that the flexibility of their system makes it attractive for scientific experiments, as well as for permanent
installations for applications like search and rescue or vessel traffic services.
The fourth paper "Modeling and Simulation Strategies in High Erequency Surface Wave Radars" by Lèvent Sevgi from'
Electronics and Communication Engineering Department, Doguç University, Istanbul, Turkey summarizes chal-
lenges in HFSWR modeling and simulation. Dr. Sevgi presents examples related to multi-mixed path surface wave
propagation, radar cross section (RCS) prediction, and total radar echo showing target, clutter, noise, and interfer-
ence.
"The fifth paper belongs to Tony Ponsford and Jian Wang from Raytheon Canada Limited. The authors, in their paper
entitled "A Review of High Frequency Surface Wave Radar for Detection and Tracking of Ships" present an overview of
a land-based High Frequency Surface Wave Radar (HFSWR) used to provide persistent, active, surveillance. The
paper demonstrates that these radars have now reached a level of maturity where their performance is predictable and
that they can, within known limits, reliably detect and track ocean going vessels throughout the EEZ.
The sixth paper entitled "Jmplementation of Method for Operating Multiple High Frequency Surface Wave Radars on a
Common Frequency Channel" by Ryan Riddolls from Defense Research and Development Canada presents the use of
Canadian HFSWR system. Dr. Riddolls discusses channel limitation during the use of their HFSWR system. He shows
that the increasing use of HFSWR for the surveillance of coastal regions is faced with the problem of limited channel
availability in the electromagnetic spectrum; thus there is a need for multiple radars to share a common frequency
channel. Proof-of-concept work is presented by the author here for a method to operate multiple radar systems on a
common carrier frequency. A review is also provided of an existing concept where a common waveform is modulat-
ed by tones varying by a few hertz across the different radars. The signals from the different radars are separated by
either pulse-domain filtering or Doppler processing. Dr. Riddols also performed an experiment demonstrating the
feasibility of the method.
In the paper "Nonlinear scattering at HF: Prospects for exploitation in OTH radar systems" prepared by Stuart
Anderson from Defense Science and Technology Organization, Edinburgh, Australia, the nonlinear scattering prob-
lem in terms of nonlinear transfer functions are formulated and the received nonlinear signal power for several HF
radar configurations and specific targets are computed. The author then shows that, for non-cooperating targets of
interest, the SNR in the clutter-free subspace is still too low for detection in the case of skywave radar, though not nec-
essarily for surface wave radar. Finally, an alternative signal processing scheme based on higher-order spectrum analy-
sis which can, in principle, recover the large sensitivity deficit and, in some situations, yield acceptable SNR are
demonstrated.
The paper "Radar Cross-section (RCS) Analysis of High Frequency Surface Wave Radar Targets" by Gonca Çakir from
Electronics ancl Communication Eng. Dept., Kocaeli University, and Lèvent Sevgi from Electronics and
Communication Eng. Dept., Doguç University, Istanbul, Turkey presents the results of the investigation of HFSWR
targets in terms of electromagnetic wave - target interactions. Radar cross sections (RCS) of these targets are simu-
lated via both the finite-difference time-domain (FDTD) method and the Method of Moments (MoM). The virtual
RCS prediction tool which was introduced before is used for these investigations. The virtual tool automatically cre-
ates the discrete FDTD model of the target under investigation and does the FDTD RCS analysis. The virtual tool also
automatically constructs MoM wire grid model of the target under investigation, therefore it is also, possible to com-
pare FDTD results against the MoM-based NEC (Numerical Electromagnetic Code) data. Bi-static RCS patterns
under variety of illuminations in the whole HF band (3-30 MHz) are presented. Mono-statics RCS vs. frequency of
these targets are also given.
Gokhan APAYDIN from Applied Research and Development, University of Technology Zurich, Technoparkstrasse 1,
8005, Zurich, Switzerland, and Lèvent SEVGI from Department of Electronics and Communication Engineering,
Doguç University, Istanbul, Turkey in their paper "Propagation Modeling in and Path Loss Prediction Tools for High
Frequency Surface Wave Radars" discuss Propagation modeling and simulation approaches for the use of HFSWR.
HFSWR use vertically polarized surface waves along multi-mixed paths in the lower HF band (3 MHz - 15 MHz).
Various numerical propagators are reviewed with early analytical model. Split Step Fast Fourier Transformation,
finite- difference, and finite-element solutions of well-knovy^n one-way, forward propagation Parabolic Equation (PE)
model are presented. MATLAB-based numerical propagation prediction tools based on these models are listed. Tests
and comparisons among these analytical and numerical tools are given on some canonical surface wave propagation
scenarios. Millington effect for both smooth and irregular terrain paths which contain land-sea and sea-land transi-
tions is also discussed. "^
Finally, Çagatay Uluiçik from Department of Electronics and Communication Engineering, Dogu? University,
Istanbul, in his paper "Antenna Systems with Beam Eorming and Beam Steering Capabilities for HE Skywave Radars"
discusses beam formin'g and beam steering capabilities in skywave HF radars. Dr. Uluiçik investigated radiation char-
acteristics of linearly phased, periodic, planar dipole arrays, which can be used as receiving antenna systems for HF
skywave radars and proposed rectangular, triangular and trapezoidal arrays in obtaining different beam shapes in the'
desired directions. The effects of vertical array-tilt with a desired take-off angle (TOA) are also presente'd with a num-
ber of radiation pattern examples. Radiated fields in Dr. Uluiçiks paper were obtained using Floquet wave represen-
tations plus the synthetic aperture approach.
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